Hyperhidrosis has a negative impact on many life domains, including physical, occupational, and interpersonal functioning (Amir et al., 2000) . For example, many affected individuals feel extremely uncomfortable shaking hands with authority figures and many avoid intimacy (Glaser & Benson, 2007) . Not surprisingly, hyperhidrosis is associated with substantial quality of life impairments, with 20% of sufferers rating their symptoms as intolerable or significantly interfering with their daily activities (Strutton et al., 2004) .
The etiology of primary hyperhidrosis is not precisely known, but is believed to be related more to emotional sweating-sweating in response to psychological factors-rather than thermoregulatory sweating, which is regulated by internal homeostatic factors (Eisenach, Atkinson, & Fealey, 2005) . Thermoregulatory sweating is controlled by the preoptic and anterior nuclei of the hypothalamus, which monitor core body temperature through the bloodstream and prompt sweating through the activation of the sympathetic nervous system (Glaser & Benson, 2007) . Thermoregulatory sweating occurs during the day and at night, and involves body-wide activation of sweat glands as a means to dissipate body heat.
Emotional sweating, in contrast, is always diurnal and believed to be controlled by the anterior cingulate cortex (Vetrugno, Liguori, Cortelli, & Montagna, 2003) . Moreover, it is usually localized to the face, underarms, hands and feet (Vetrugno, et al., 2003) . Most individuals suffering from primary hyperhidrosis report that their sweating occurs in sudden profuse bouts that are triggered by environmental cues such as emotional stressors (e.g., meeting a new person), or physical activity, which is consistent with the view that primary hyperhidrosis is associated with emotional sweating.
Most approaches to understanding hyperhidrosis have involved a medical model in which putatively dysfunctional sweat glands have been the focus of research and therapeutic intervention. For the most part, however, the sweat glands of patients with hyperhidrosis appear to be morphologically normal; but more reactive to environmental cues (Eisenach, Atkinson & Feely, 2005) . Psychological factors appear to play a crucial role in symptoms, yet there is a dearth of empirical investigations of this topic. Given the apparent role of emotional factors, such as anxiety, in hyperhidrosis, a cognitive-behavioral conceptualization of this problem could lead to an improved understanding of the condition, much in the way that cognitive-behavioral models have improved our understanding of other anxiety disorders with a psychophysiological component such as panic disorder (Clark, 1986) and shy bladder syndrome-the inability to urinate in public (Boschen, 2007) .
Based on Beck's (1976) cognitive specificity hypothesis that dysfunctional beliefs give rise to emotional responses, a cognitive-behavioral model of hyperhidrosis would implicate sweating-related dysfunctional beliefs, such as overly negative appraisals of sweating ("I will be extremely uncomfortable if I sweat") and exaggerations of the social consequences of sweating ("Others will negatively evaluate me for sweating"). When individuals with these cognitions are confronted with situations or stimuli that provoke sweating, such as warm rooms, exercise, or meeting new people, these dysfunctional beliefs are activated, leading to anxiety. The resultant anxiety activates the sympathetic nervous system (i.e., physiological arousal), which includes increased perspiration. This produces an escalating and self-sustaining cycle in which increased anxiety begets more sweating, which in turn begets more anxiety and so on. Even the mere anticipation of sweating in a social situation may also cue this vicious cycle. Readers might recognize some similarity between this proposed model and cognitive-behavioral models of social anxiety (which involves negative appraisals of self-presentation) and panic disorder (which involves negative appraisals of physiologic arousal; Clark 1999).
Few studies, however, have systematically examined psychological processes in patients with hyperhidrosis, and none have investigated the role of dysfunctional beliefs about sweating. Therefore, the present study aimed to empirically examine the dysfunctional sweating cognitions hypothesized by the cognitive-behavioral model of hyperhidrosis outlined above. Specifically, the present article describes the development, psychometric properties, and construct validity of a new measure to assess sweating cognitions: the Sweating Cognitions Inventory (SCI). In the first step (Part 1), a pool of rationally-developed items were administered to a large sample of individuals with hyperhidrosis, and subsequently reduced to form the final scale according to current recommendations for scale development (DeVellis, 1991) . In the second step (Part 2), the reduced SCI was administered to a group of undergraduate students to assess the psychometric properties in an independent sample and seek evidence for discriminative validity. Finally, in a third step (Part 3) the SCI's intercorrelations with other variables were investigated in the hyperhidrosis sample in order to examine evidence for convergence and divergence with other constructs.
Part 1: Development of the Sweating Cognitions Inventory Method

Participants and Procedure
Patients receiving a diagnosis of primary hyperhidrosis between 2000-2005 at the Mayo Clinic in Rochester, MN were identified through retrospective chart review and invited to participate in a research survey. Once identified, these patients were mailed a packet including all of the study measures and instructions (see below). Of 973 surveys mailed, 311 were returned, yielding a 32% response rate. Of the surveys received, missing data and misdiagnosis (e.g., hyperhidrosis secondary to a general medical condition) caused the sample size to be reduced to 226 patients with primary hyperhidrosis. The mean age of this group was 35.7 years (SD=13.31, Range 18-80). The majority of the sample was female (68%) and 95% classified themselves as Caucasian.
Measure
Sweating Cognitions Inventory, Preliminary Version. The preliminary version of the SCI consisted of a pool of 28 items that were collaboratively developed by two clinicians with substantial experience with hyperhidrosis patients and knowledge of the condition.
Items were designed to assess patients' beliefs about the nature and consequences of sweating (e.g., "People are disgusted by my sweat"). Respondents rated their agreement with each item on a 5-point scale ranging from 0 ("very little") to 4 ("very much").
Results
The performance of the 28 preliminary items was first analyzed following current recommendations for item retention (DeVellis, 1991) . Table 1 presents the mean, standard deviation, corrected item-total correlation and average inter-item correlation for each of the 28 SCI items. As can be seen, corrected item-total correlations for all 28 items exceeded the minimum criterion for acceptability of .30 (range in r's = .35 to .82; Nunnally & Bernstein, 1994) . All but one item met Nunally and Bernstein's (1994) recommended threshold of .30 for average inter-item correlation. This item (item 11) was therefore excluded from the remaining analyses and not retained in the final scale.
To examine the dimensionality of the SCI, I next submitted the remaining 27 items to a principal axis factor analysis with oblique (promax) rotation to allow the factors to be correlated. The decision of how many factors to retain was based on a combination of several criteria that have been recommended (Zwick & Velicer, 1986) , including: visual inspection of the scree plot, parallel analysis (Glorfeld, 1995) and Velicer's Minimum Average Partial Correlation (MAP; Velicer, 1976) . The suitability of factor solutions was evaluated according to satisfaction of Thurstone's principles of simple structure (Thurstone, 1947) . Figure 1 presents the observed eigenvalues from this analysis, as well as the 95% eigenvalues from parallel analysis (Glorfeld, 1995) . As can be seen, the first four observed eigenvalues were 13.58, 2.04, 1.60 and 1.23 while the eigenvalues from the parallel analysis were 1.81, 1.67, 1.58 and 1.50. Thus these results suggest retaining a three-factor solution.
Results from Velicer's Minimum Average Partial (MAP) test, however suggested that four factors should be retained. In light of these discrepant results the three-factor solution is preferable on the basis of parsimony and to maximize factor stability (Gorsuch, 1983) . Table   2 presents the three-factor solution with oblique (promax) rotation. The first extracted factor consisted of thirteen items with salient loadings and accounted for 50.3% of item variance.
Eight items had salient loadings on the second factor, which accounted for an additional 7.6% of the variance. The third factor consisted of three items and accounted for an additional 5.9% of the variance. However, factors identified by three or fewer items are often less replicable, and so I decided to follow Guadagnoli and Velicer's (1988) most stringent criterion for stability and replicability, which require four or more salient loadings per component when sample size is less than 300. Therefore, I elected to remove the two items from the third factor with the lowest corrected item-total correlations in order to maximize the replicability of the scale's factor structure.
The remaining 25 items were re-analyzed via principal axis factor analysis. The first four observed eigenvalues from this analysis were 13.03, 1.63, 1.45 and .95 while the eigenvalues from parallel analysis were 1.77, 1.64, 1.55 and 1.46 as shown in Figure 2 . These results suggest that a single factor underlies the items. Velicer's Minimum Average Partial (MAP) test, however, suggested that three factors should be retained. I chose to adopt the one-factor solution on the basis of parsimony and to maximize factor stability. This single factor accounted for 52.1% of the variance.
In light of the unifactorial structure of the SCI and in order to reduce the burden placed upon respondents, I next sought to condense the scale. Scales are often reduced by selecting a subset of items with the highest corrected item-total correlation, which is appealing in that it tends to increase the internal consistency of the resulting shortened version (DeVellis, 1991) . However, such an approach often results in narrower coverage of the original construct, and Stanton (2000) has instead suggested retaining the subset of items that has the highest correlation with the original test score when summed. Therefore I employed Rcrunch (Stanton, 2000) to examine the distribution of correlations between short form and full scale scores in order to reduce the scale. The results of this analysis showed that a subset of 12 items was highly correlated with performance on the full set of items (r = .99). These twelve items were retained and comprise the final version of the SCI. Cronbach's alpha indicated that the shortened version had excellent reliability in the clinical sample (α = .92).
Part 2: Performance in a Student Sample and Disciminative Validity Method
Participants and Procedure
To verify the psychometric properties of the SCI in an independent sample and assess known-groups validity I next recruited a sample of 482 undergraduate students enrolled in introductory psychology at the University of North Carolina at Chapel Hill. Participants received course credit for completing an online survey that included the SCI and provided informed consent prior to data collection. The mean age for this group was 19.5 (SD = 2.9) years and the majority of the participants were female (73%). The ethnic breakdown of the sample according to self report was as follows: approximately 67% Caucasian, 17% African American, 8% Asian, 4% Hispanic and 4% of another ethnicity. Table 3 presents the item properties for the 12 items selected to comprise the final SCI in the student sample. All 12 items had a mean inter-item correlation greater than .30 (range = .33 to .54) and a corrected item-total correlation greater than .30 (range = .46 to .77). Internal consistency for the total score was good (α = .91).
Results
Item-level analysis
To determine the dimensionality of the SCI in the student sample, I next conducted a principal axis factor analysis in the same manner as that conducted in the hyperhidrosis sample. Examination of the scree plot ( Figure 3 ) and parallel analysis both suggested a single factor should be retained (first three observed eigenvalues = 6.33, 1.05, .86; 95% eigenvalues from parallel analysis = 1.32, 1.24, 1.18). Velicer's Minimum Average Partial (MAP) test also suggested that only one factor should be retained. This single factor accounted for 52.8% of the item variance and all 12 items saliently loaded on this factor as shown in Table 4 .
These findings support the strong psychometric properties of the SCI across the two samples. In both groups the 12-item version of the scale demonstrated acceptable inter-item and corrected item-total correlations, good internal consistency and a unidimensional factor structure.
Evidence for Known-Groups Validity
To examine whether individuals diagnosed with hyperhidrosis endorse more sweating cognitions than those without this condition, I compared SCI scores across the two groups.
Within the student sample, 15 individuals (3.1%) reported that they had been diagnosed with hyperhidrosis by a medical professional. The hyperhidrosis group's mean SCI score, however, remained significantly higher than the student group's mean score after controlling for age and ethnic composition differences, F(1, 679) = 172.26, p < .001.
To further investigate the ability of sweating cognitions to differentiate between individuals, I next computed a receiver operating characteristic (ROC) curve to determine how well SCI scores distinguish between positive (diagnosis of hyperhidrosis) and negative (no reported diagnosis) cases (as shown in Figure 5 ). The area under the curve (AUC)
indicates accuracy, with a value of 1.0 indicating perfect classification and .50 indicating chance performance. The AUC estimate for the SCI was .79 (95% CI = .76-.83), indicating that the SCI discriminates well between individuals. To account for age differences across groups I next regressed SCI total score on age and submitted the residuals to a second ROC analysis. The AUC estimate for this analysis was .70 (95% CI = .66-.75), indicating that the SCI is able to distinguish between those diagnosed with hyperhidrosis and those not reporting a diagnosis, even accounting for age differences across groups. These results suggest that individuals with hyperhidrosis endorse more sweating cognitions, which provides criterion evidence for the SCI. between hyperhidrosis and social anxiety (Davidson, Foa, Connor, & Churchill, 2002) , I
hypothesized that the SCI would be correlated with measures related to social anxiety symptoms and cognitions.
Method
Measures
Anxiety Sensitivity Index -3 (ASI-3; Taylor, et al., 2007) . The ASI-3 is an 18 item self-report questionnaire that measures the fear of anxiety-related sensations (e.g., racing
heartbeat, dizziness, trembling) based on beliefs about their harmful consequences. The ASI-3 was developed to measure three dimensions of anxiety sensitivity: physical (e.g., fear of dying), cognitive (concerns of losing sanity), and social (worries about social rejection).
However, three of the items used in this study came from a preliminary version of this scale and were not included in the final edition. In order to make comparison easier, the student sample was given the same version as the hyperhidrosis sample. Internal consistency for each ASI-3 subscale was acceptable in the present sample (range in α = .82 to .93).
Behavioral Inhibition Scale (BIS; Carver & White, 1994) . The BIS is a 7-item selfreport questionnaire measuring negative affect in response to threatening cues. Lower scores on this measure indicate greater behavioral inhibition. The behavioral inhibition system is theorized to control the experience of anxiety in response to novel or threatening cues as a means to reduce the probability of harm. The BIS has been found to have high convergence consistency in the present sample in was good (α=.94).
Illness Intrusiveness Rating Scale-Hyperhidrosis (IIRS-H; Cina & Clase, 1999). The
IIRS-H is a modified version of Devin's original 13-item self-report questionnaire measuring the impact of a medical illness on quality of life (e.g., Devins, et al., 1990) . The IIRS-H has been used with clinical populations of hyperhidrosis patients and found to have good internal consistency, test-retest reliability and sensitivity to change (Cina & Clase, 1999) . The scale uses a seven point likert scale to measure the impact of hyperhidrosis on multiple domains of quality of life, including: social relations, intimate relations, health, and recreation. For the purpose of this study the IIRS-H was considered as a proxy measure of sweating severity through its impact on quality of life. Internal consistency in the present sample was good (α = .91).
Social Phobia Inventory (SPIN; Connor, et al., 2000) . The SPIN is a 17-item selfrated questionnaire assessing symptoms of social phobia. Questions assess a range of social anxiety symptoms including fear, avoidance, and physiological symptoms. The scale has shown good test-retest reliability and convergent validity with other measures of social anxiety (Connor, et al., 2000) . Internal consistency in the present sample was excellent (α = .94).
Results Table 5 presents the correlations between all study measures. As can be seen, the SCI was strongly correlated with the IIRS-H but was also significantly correlated with all of the other study measures. To determine with which measures the SCI was most correlated, I used Steiger's equation for comparing correlation coefficients (Cohen & Cohen, 1983) . Results revealed that the SCI was more strongly correlated with the IIRS-H than with either the CES-D (p <.01) or the BIS (p <.01), indicating that sweating cognitions are more related to sweating severity than depression or trait anxiety. With regard to anxiety sensitivity, the SCI was more strongly correlated with the social domain of this construct (ASI-3 social) than with either the ASI-3 cognitive (p < .01) or ASI-3 physical (p <. 01).The magnitude of the correlation between the SCI and ASI-3 social was not significantly different than that between the SCI and IIRS-H (p > .05). Similarly, the SCI was also strongly correlated with the SPIN and Steiger's equation revealed that this correlation magnitude was not significantly different from that with the IIRS-H (p > .05).
It is important to note, however, that both the SPIN and ASI-3 social include questions that pertain to sweating in social situations. For example, item seven on the SPIN asks respondents to rate how much they agree with the statement: "Sweating in front of people causes me distress," while item 13 on the ASI-3 presents respondents with the statement: "When I begin to sweat in a social situation, I fear people will think negatively of me." The content of these items is similar to that of the SCI items, and therefore I computed adjusted totals for both the SPIN and ASI-3 social removing the sweating-related items. The SCI remained strongly and significantly correlated with the adjusted SPIN total (r = .57, p <.001) and the adjusted ASI-3 social total (r = .51, p <.001). In both cases however, Steiger's equation revealed that the SCI was more strongly correlated with the IIRS-H.
General Discussion I sought to develop and validate a new measure of the cognitions proposed as part of a cognitive-behavioral model of hyperhidrosis and provide a tool to facilitate future research on this condition. From an initial pool of 28 items, 12 were selected on the basis of their psychometric performance, factor structure, and construct coverage to form the final version of this instrument, the SCI. In both a clinical sample of patients diagnosed with hyperhidrosis and a student sample, the SCI demonstrated good psychometric properties, a stable unidimensional factor structure, and good internal consistency.
A comparison of SCI total scores across groups demonstrated that hyperhidrosis patients scored higher than those not diagnosed with hyperhidrosis, and this difference remained significant even after controlling for differences in age across groups. The ROC analysis suggested that the SCI differentiates between the two groups and is able to accurately identify individuals with the condition. Together these results provide evidence for known-groups validity of the SCI, as individuals with hyperhidrosis had higher levels of sweating cognitions than those without the condition.
Examination of the relationships between the SCI and other measures provide preliminary convergent and discriminant validity evidence for the SCI. Sweating cognitions were strongly related to a measure of sweating severity (convergence) and less related to measures of depression and trait anxiety (discrininant evidence). Sweating cognitions were also strongly correlated with both social anxiety symptoms and the social domain of anxiety sensitivity, suggesting that fears of social evaluation are integral to dysfunctional beliefs about the consequences of sweating. This is consistent with previous research and the cognitive-behavioral model I propose, which suggests a link between primary hyperhidrosis and social anxiety. For example, Endlund (1989) documented the development of social anxiety secondary to hyperhidrosis. Davidson and colleagues (2002) estimated that 25%-32% of social anxiety patients experience moderate to severe sweating. Social anxiety patients with excessive sweating were found to have greater avoidance and impairment compared to their non-sweating counterparts (Davidson, et al., 2002) .
The strong association between sweating cognitions and the social domain of anxiety sensitivity is also conceptually consistent. Although anxiety sensitivity was originally investigated as a psychological risk factor for the development of panic disorder (Reiss & McNally, 1985) , the construct has been broadened to include other dysfunctional beliefs about the bodily sensations associated with anxious arousal and applied to other anxiety disorders, including social anxiety (e.g., Taylor, 1999) . The social domain of anxiety sensitivity involves fear of exhibiting the physical symptoms of anxiety (e.g., blushing, trembling) in front of others. These concerns are common in social anxiety disorder, and Scholing and Emmelkamp (1992) considered the possibility that excessive concern with the public display of physiological symptoms, including blushing, sweating and trembling, represents a distinct subtype of social anxiety disorder. In this context, our data suggest that hyperhidrosis, which involves cognitions about the social consequences of sweating, might be considered as a psychosomatic manifestation of social anxiety in which the particular types of dysfunctional beliefs lead to physiological arousal, and ironically, the very consequences that the person fears (i.e., increased sweating).
The results of this study suggest that dysfunctional sweating cognitions are elevated in individuals with hyperhidrosis, which is consistent with the cognitive-behavioral conceptualization of this condition. These dysfunctional beliefs also provide a possible target for the psychological treatment of primary hyperhidrosis, which could utilize elements from current treatments of social anxiety and panic disorder. The goal of such a therapy would be to correct patients' dysfunctional sweating cognitions through cognitive restructuring and exposure therapy, involving confrontation with feared situations and body states (e.g., sweating while in public). Although cognitive-behavioral treatments based on this model have not been studied for hyperhidrosis, such an approach could be a useful and more costeffective alternative to existing treatments that are often invasive (e.g., surgical ablation of sympathetic nerves) and associated with negative side effects (Eisenach, et al., 2005) .
Several limitations of the present study should be acknowledged. The use of a convenience sample of students as a comparison group is one such limitation. Although participants in the student sample were asked if they had ever received a formal diagnosis of hyperhidrosis (i.e., by a medical professional), these participants were not independently screened. Given that many individuals suffering from excessive sweating do not seek medical attention until years after sweating onset (Haider & Solish, 2005) , it is possible that the student group included individuals with undiagnosed hyperhidrosis. The ROC analysis would have been improved if any such false-negative cases had been identified by formal diagnosis. In addition, our measure of sweating severity was indirectly indexed through sweating-related quality of life impairment. Several more direct measures of sweating severity exist, including gravimetric measurement using filter paper to quantify the secretion of sweat (Glaser & Benson, 2007) . Future studies should investigate the relationship between sweating cognitions and a direct measure of sweat output.
Additionally, our sample of hyperhidrosis patients may not be entirely representative of the general population of individuals suffering from this condition. For example, while epidemiological estimates (Strutton et al., 2004) suggest that hyperhidrosis affects men and women equally, our sample was predominantly female. This gender disparity has been observed in other treatment-seeking samples (Lear et al., 2007) . In addition, our hyperhidrosis sample was predominantly Caucasian, as was reported in a large, multi-site examination of the demographics of those presenting for treatment for hyperhidrosis. These results should be replicated in additional samples with more diverse ethnic and socioeconomic compositions to ensure the generalizability of these results. Finally, the correlational nature of this study limits the conclusions that can be drawn about the validity of the cognitive-behavioral model I propose. Specifically, the cross-sectional design precludes drawing causal inferences, and thus it cannot be concluded that dysfunctional sweating cognitions cause excessive sweating. The present study cannot rule out the possibility that such beliefs follow the appearance of sweating symptoms, or that both sweating symptoms and cognitions are caused by one or more third variables. In addition, future studies should investigate the test-retest reliability of the SCI so that it can be used as a process measure in the psychological treatment of hyperhidrosis. Table 1 . Note. Factor loadings ≥ |.40| are listed in boldface type. 
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